The corrosion resistance (weight loss) and mechanical properties (i.e. yield strength, ultimate strength and elongation) for three carbon steels, normal strength and high strength steels using tension test are investigated. The specimens are kept in chloride solution (20% NaCl) up to 240 hours. At every 48 hours, thickness and weight loss is measured and tension test is carried out. It was found that the susceptibility of the steels to corrosion based on their weight loss were identical prior to 144 hours, after that is accelerated for high strength steel. In addition, it was found that manganese (Mn) has reduced corrosion rate at early stage of corrosion. The change in mechanical properties by corrosion for all steels are the same, and ultimate strength is reduced, which for limit state design of aged structure should be taken into account.
Introduction
Corrosion is one of the main reasons of structural failure of aged structures. Different types of corrosion could be happen, e.g. dry corrosion/ wet corrosion, local corrosion/ overall corrosion.
Overall corrosion is an attack on the metal when an electrochemical reaction proceeds over entire surface. This type of corrosion which also called uniform corrosion varies from 0.1 mm/yrs or higher in marine structures, and has detrimental effects on materials and structures.
Many investigations are done on corrosion of steel structures which can be divided into following groups.
Estimation of corrosion rate
In this category, based on statistical data or electrochemical reactions, an equation for corrosion rate, thickness reduction or corrosion resistance is proposed. Among many, some examples in this group are, Melchers (2003) , Wang at el. (2003) .
Determining corrosion effect on mechanical behavior of steel
In this category, detrimental effects of corrosion on mechanical behavior of steel are studied. In some cases, specimens are kept in solution for some time, and mechanical tests are carried out.
For example Khoshnaw et al. (2007) have studied fatigue strength of low alloy steels in chloride solution. Turnbull et al. (2008) have studied stress corrosion cracking of stainless steel in chloride solutions. Chen et al. (2005) have been studied mechanical properties of low-alloy steels in atmosphere containing chloride in tension test. In other cases, mechanical tests are done on specimens taken from corroded aged structures. For example Bruneau et al. (1997) and Zuraski et al. (1990) have studied fatigue strength of corroded steel in highway bridges.
Determining corrosion effect on structural integrity
In this category, based on corrosion model, thickness reductions of structural members are predicted. Strength of structures are calculated either numerically (FEM) or by some empirical equations for reduced thickness. For example, Chatterjee et al. (2000) , have studied effect of corrosion on a bulk carrier, Wang et al. (2005) have studied the buckling and ultimate strength of aged ships.
It is the main objective of this investigation to study the effect of corrosion on mechanical properties of structural steels. For this purpose, some specimens from three different types of structural steels, one normal strength steel (St37) and two high strength steel (St52) for simple tension test are prepared. After sustaining in chloride solution for 240 hours, thickness and weight loss are measured at every 48 hours and tested in tension.
It was found that the corrosion rate based on weight loss were identical for all steels prior to 144 hours, after that is accelerated for high strength steels (St52). In addition, it was found that manganese (Mn) has reduced corrosion rate at early stage of corrosion. Changes in mechanical properties for all steels are the same. Ultimate strength is reduced for all steels, which for limit state design of aged structure should be taken into account. In some cases due to pitting corrosion local yielding is occurred, and discrepancies in yield stress are observed. Generally, yielding and elongation also are reduced, but are less regular.
Experimental method

Test materials
Two types of carbon steels were studied, i.e. normal strength steel (St37) and high strength steel (St52). The steels were manufactured in different countries, and designated by "J", "O", and "Z" (Table 1) , where J, and O steels are high strength steels, but Z is normal strength steel. Chemical compositions were analyzed and listed in Table 2 . Test materials were cut and machined with specimen thickness (B) 4 mm, and width (W) 20 mm. Specimen dimensions are according to standard and capacity of testing machine which are shown in Fig. 1 . Surfaces of all specimens first mechanically polished with fine grinding machine, and then cleaned thoroughly. Thickness of each specimen is measured at 6 points, and then weighed. A solution of 20 percent NaCl in pure water with volume of 1200 cc used in this investigation. All specimens were put simultaneously into separate solutions to avoid galvanic corrosion.
Thickness and weight loss
After every 48 hours all specimens were taken out, cleaned and dried. Average thickness and weight are measured and recorded. One specimen is pulled in tension test machine. Remaining specimens are put into solution. Percentage of NaCl in all containers at each time are checked and kept constant. Average thickness reduction and weight loss of specimens at different times are depicted in Tables 3. to 5.
Mechanical properties
After every 48 hours, one specimen from each type of steels pulled in a tensile testing machine.
The load and elongation were measured continuously and recorded until failure. Stress-strain curves were used to determine the yield stress or proof stress, ultimate stress and elongation (%).
In Tables 6 to 8 results of tests for all specimens are shown. In these tables following parameters are used.
• R m , Ultimate tensile strength,
• R eH , Upper yield stress,
• R eL , Lower yield stress,
• R P0.2 , Proof stress of 0.2 percent elongation of the initial gauge length,
• R P0.5 , Proof stress of 0.5 percent elongation of the initial gauge length,
• R P1.0 , Proof stress of 1.0 percent elongation of the initial gauge length.
Results and discussion
Weight loss and thickness reduction
Relation between thickness reduction, weight loss and test time are shown in Figs. 2 to 4. As can be seen in all cases, thickness reduction and weight lost have the same tendency, except for high strength steel of type O in the last stage. Examining the specimen, it can be concluded that in this case, local pitting is proceed and measured points for thickness does not represent true average of thickness reduction.
In Fig. 5 , relation between weight loss and test time for all steels are shown. As can be seen, the corrosion rates are almost identical prior to 144 hours in solution, regardless of steel type or chemical compositions. After that, the corrosion rate is accelerated for high strength steels.
Comparing two high strength steels of J and O, it can be concluded that corrosion resistance of high strength steel containing higher manganese (Mn), is higher at early stage of corrosion.
Effects of corrosion on the mechanical properties
Figs. 6 and 7 show ultimate stress (UTS) and elongation decrease with an increase in test time receptively. The decrease in UTS is identical for all steels prior to 144 hours, after that accelerated for high strength steels. On the other hand, the change of elongation is less regular, but decrease in general.
From Tables 6 to 8, it can be seen that generally yield stress decrease by corrosion, but there are some discrepancy in results. This is due to pitting and stress concentrations which cause local yielding occur. Local yielding forges ahead yielding strength, and this is the reason of discrepancy of yield stress. In Table 9 weight loss, thickness reduction, yield stress and ultimate stress of all steels after 192 hours in solution are compared. It is apparent that the mechanical properties were reduced by corrosion, but yield stress reduction is higher.
Conclusions
Both normal strength and high strength carbon steels are tested in chloride solution and tension.
The results indicate that, the corrosion rate of steels based on their weight loss were identical prior to 144 hours, after that is accelerated for high strength steels. In addition, it was found that manganese (Mn) has reduced corrosion rate at early stage of corrosion. The change in mechanical properties by corrosion for all steels are the same, and ultimate strength is reduced, which for limit state design of aged structure should be taken into account. 
